A Gram-staining-negative, catalase-and oxidase-positive, obligately aerobic, motile by gliding, bright yellow and rod-shaped bacterial strain was isolated from soil of Daemo Mountain (Daemosan) in Seoul, Republic of Korea. Its taxonomic position was investigated by using a polyphasic study. On the basis of 16S rRNA gene sequence comparisons, strain THG-DJ7
The genus Flavobacterium was first described by Bergey et al. (1923) , and later emended by Bernardet et al. (1996) , Dong et al. (2013) , Kang et al. (2013) and Kuo et al. (2013) . Flavobacterium is the type genus of the family Flavobacteriaceae in the phylum Bacteroidetes. With 140 species with validly published names, the genus Flavobacterium is a large genus that encompasses a variety of bacterial species mainly isolated from soil (Dong et al., 2013; Kim et al., 2013; Liu et al., 2008; Yang et al., 2011) and aquatic environments (Fu et al., 2011; Kacagan et al., 2013; Kämpfer et al., 2012; Kang et al., 2013; Lee et al., 2012; Sheu et al., 2013; Subhash et al., 2013; Yi et al., 2005) (http://www.bacterio.net/Flavobacterium.html). In addition, members of this genus have been isolated from a variety of environmental sources, including sludge, plants, marine sediment, food products such as fish, meat, poultry, milk and lactic acid beverages, and human clinical specimens (Bernardet & Bowman, 2006 Bernardet & Nakagawa, 2006) . Common characteristics of the genus Flavobacterium include Gram-staining negative; usually positive for catalase and oxidase; C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 0 3-OH, anteiso-C 15 : 0 , C 15 : 1 v6c, iso-C 15 : 0 G, iso-C 16 : 0 3-OH and iso-C 17 : 0 3-OH, as well as iso-C 15 : 0 2-OH and/or C 16 : 1 v7c and/or C 16 : 1 v7t as the predominant fatty acids; menaquinone-6 (MK-6) as the predominant respiratory quinone; sym-homospermidine as the major polyamine; and a DNA G+C content of 30-52 mol% (Kuo et al., 2013) . In this study, we report on the taxonomic characterization of a novel species, Flavobacterium daemonensis sp. nov. using a polyphasic approach.
for 1 week. Single colonies were purified, transferred to fresh NA plates and were incubated once again. One isolate, THG-DJ7 T , was cultured routinely on NA at 28 u C and preserved as a suspension in nutrient broth (NB; Difco) with glycerol (25 %, w/v) at 270 u C.
Extraction of genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene was amplified from the chromosomal DNA with the universal bacterial primer pair 27F and 1492R (Weisburg et al., 1991) and the purified PCR products were sequenced by Solgent (Daejeon, Republic of Korea). The 16S rRNA gene sequences of related taxa were obtained from the GenBank database (http://blast.ncbi.nlm.nih.gov/ Blast.cgi) and EzTaxon-e server (http://www.ezbiocloud. net/eztaxon; Kim et al., 2012) . Multiple alignments were performed by using the CLUSTAL X program (Thompson et al., 1997) . Gaps were edited in the BioEdit program (Hall, 1999) . Evolutionary distances were calculated using the Kimura two-parameter model (Kimura, 1983) . Phylogenetic trees were reconstructed using the neighbour-joining method (Saitou & Nei, 1987) and the maximum-likelihood method in the MEGA5 program (Tamura et al., 2011) , with bootstrap values based on 1000 replications (Felsenstein, 1985) .
According to the EzTaxon-e server analysis, 16S rRNA gene sequence analyses indicated that the closest relatives of strain THG-DJ7
T were Flavobacterium denitrificans ED5 T (97.9 % sequence similarity), Flavobacterium ginsenosidimutans THG 01 T (97.6 %), Flavobacterium kyungheensis THG-107 T (97.5 %), Flavobacterium anhuiense D3 T (97.1 %) and Flavobacterium ginsengisoli DCY54 T (97.0 %). The 16S rRNA gene sequence of strain THG-DJ7
T determined in this study is a continuous stretch of 1401 bp. The relationship between strain THG-DJ7
T and other members of the genus Flavobacterium was also supported by the topology of the phylogenetic trees (Figs 1 and S1, available in the online Supplementary Material).
Gram staining was determined using a bioMérieux Gram stain kit according to the manufacturer's instructions. Growth was tested using several bacterial media such as NA, tryptone soya agar (TSA; Oxoid), R2A agar (Difco), Luria-Bertani agar (LB agar; Oxoid) and MacConkey agar (Oxoid) at 28 u C. Growth at different temperatures (2, 4, 10, 15, 20, 25, 28, 30, 33, 37, 40 and 45 u C) and under various pH conditions (pH 5.0-10.0, at intervals of 0.5 pH units) was assessed in NB after 5 days of incubation at 28 u C. For the pH experiments, two different buffers were used (final concentration, 100 mM): acetate buffer was used for pH 5.0-6.5 and phosphate buffer was used for pH 7.0-10.0. Salt tolerance was tested in NB supplemented with 0-5.0 % (w/v) NaCl (at 0.5 % intervals) after 5 days of incubation at 28 uC. Growth was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing NB supplemented with thioglycolate (1 g l -1
), in which the air was substituted with nitrogen gas. Cell morphology was observed at 611 000 magnification with a transmission electron microscope (model JEM1010; JEOL) using cells grown for 2 days at 28 u C on NA. Motility was assayed on sulfide indole motility medium (SIM; Difco). Production of flexirubintype pigments was determined by using the procedures outlined by Fautz & Reichenbach (1980) . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine reagent. Methyl red and Voges-Proskauer reactions were tested in Clark and Lubs medium (Scharlau). Tests for degradation of starch T and F. ginsengisoli DCY54
T were included as references in the biochemical tests under the same laboratory conditions. Carbon-source utilization and constitutive enzyme activities of strain THG-DJ7
T and the five reference strains above were tested by using API 20NE and API ZYM test kits (bioMérieux) according to the manufacturer's instructions. In addition, acid production from different carbohydrates was determined for only strain THG-DJ7
T by employing the API 50 CH system (bioMérieux) according to the manufacturer's instructions.
Cells of strain THG-DJ7
T were Gram-staining-negative, strictly aerobic, motile by gliding and rods (0.35-0.7061.6-3.3 mm). A transmission electron micrograph is available as Fig. S2 . Oxidase and catalase activities were positive. Flexirubin-type pigments were produced. Colonies grown on NA plates for 2-3 days were smooth, circular, bright yellow and 0.5-1.5 mm in diameter. The isolate was able to grow on NA, TSA, R2A and LB agar but not on MacConkey agar. Growth occurred at 2-33 u C (optimum 25-28 uC) and at pH 6-9 (optimum pH 7.5-8.0). In NB medium, NaCl was tolerated at 1.0 % (w/v), but not 1.5 % (w/v). Cells were able to hydrolyse aesculin, starch, casein, Tween 20, CM-cellulose and L-tyrosine but not DNA, chitin or Tween 80. The methyl red test was positive. The Voges-Proskauer test was negative. Physiological characteristics of strain THG-DJ7
T are summarized in the species description and Table 1. For determination of the DNA G+C content, genomic DNA was extracted, purified as described by Moore & Dowhan (1995) and degraded enzymically into nucleosides. The nucleosides were analysed using a reversed-phase HPLC system (Alliance 2690 system; Waters) as described previously (Mesbah et al., 1989) with reversed-phase column SunFire C18 (4.66250 mm65 mm), flow rate 1.0 ml min
21
, solvent mixture of 200 mM (NH 4 )H 2 PO 4 /acetonitrile (97 : 3, v/v) as mobile phase, and wavelength at 270 nm. DNA-DNA hybridization was performed according to the method developed by Ezaki et al. (1989) , using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA hybridization experiments were performed between strain THG-DJ7
T and closely related strains of the genus Flavobacterium. Optimum hybridization temperature was at 37.7 u C. Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain THG-DJ7
T was determined to be 32.6 mol%, which lies in the expected range of DNA G+C contents of members of the genus Flavobacterium (30-52 mol%; Kuo et al., 2013) . In this study, the levels of DNA-DNA relatedness for strain THG-DJ7
T with respect to F. T represents a novel species of the genus Flavobacterium (Wayne et al., 1987) .
For fatty acid methyl ester analysis, cells of strain THG-DJ7
T and strains of the five nearest relatives were harvested from NA plates after incubation for 2 days at 28 u C and Flavobacterium daemonensis sp. nov.
fatty acids determined according to the protocol of Sasser (1990) . The polar lipids of strain THG-DJ7 T were extracted from freeze-dried cells grown on NA for 2 days at 28 u C (Minnikin et al., 1977 (Minnikin et al., , 1984 . Polar lipids were examined by two-dimensional TLC using TLC Kieselgel 60F254 (Merck) plates (10610 cm) with (1) chloroform/methanol/water (65 : 25 : 4, by vol.) and (2) chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) as the developing solvents. After being developed in the solvent system, lipids were visualized. To detect the presence of all lipids, TLC plates were developed by spraying with 5 % molybdophosphoric acid and charred at 120 u C for 15 min. Amino lipids were detected by spraying with 0.2 % ninhydrin at 120 u C for 5 min. Phospholipids were detected by spraying with molybdenum blue reagent (Sigma) at room temperature. Glycolipids were visualized with 2.5 % a-naphthol/sulfuric acid by charring at 120 u C for 5 min. The isoprenoid quinones of strain THG-DJ7 T were extracted from freeze-dried cell material. Menaquinones were extracted with chloroform/methanol (2 : 1, v/v), evaporated under vacuum conditions, and extracted again in only n-hexane. The crude hexane/ quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analysed by using a reversed-phase HPLC system (Alliance 2690 system; Waters) [column, SunFire C18 (4.66250 mm65 mm); & Jones, 1981; Hiraishi et al., 1996; Tamaoka et al., 1983) . F. anhuiense KCTC 22128 T was used as the standard strain for detection of MK-6 (Liu et al., 2008) . The polyamines of strain THG-DJ7 T were extracted as described by Busse & Auling (1988) and Taibi et al. (2000) . Polyamines were extracted from approximately 100 mg freeze-dried samples with 2 ml 0.2 M HClO 4 . Experiments are designed to be carried out at 100 u C for 30 min with occasional shaking. Each mixture contained l,8-diaminooctane (10 mmol per 100 mg of cells) as the internal standard. Samples were analysed using a Waters Alliance 2690 HPLC fitted with a reversed-phase column (120 ODS-AP 4.66250 mm65 mm; Watchers) at 1.0 ml min 21 flow rate, wavelength at 234 nm and 60 % methanol as mobile phase.
The polar lipid profile of strain THG-DJ7
T is shown in Fig. S3 . The polar lipids were phosphatidylethanolamine, phosphatidyldimethylethanolamine, phosphatidylserine, an unidentified aminophosphoglycolipid, an unidentified glycolipid, an unidentified phospholipid, two unidentified aminolipids and three unidentified lipids; minor amounts of other unidentified aminolipids and unidentified lipids were also present. One aminophosphoglycolipid spot that reacted with molybdophosphoric acid, ninhydrin and anaphthol/sulfuric acid was considered to be phosphatidylserine. Very similar profiles, which display a large amount of phosphatidylethanolamine, are found in many species of the genus Flavobacterium.
The fatty acid profiles of strain THG-DJ7
T and the related strains representing the genus Flavobacterium are shown in Table 2 . The major cellular fatty acids were identified as iso-C 15 : 0 (20.3 %), summed feature 3 as defined by MIDI (C 16 : 1 v7c and/or C 16 : 1 v6c; 18.3 %) and iso-C 15 : 0 3-OH (10.0 %). The only respiratory quinone detected in strain THG-DJ7
T was menaquinone-6 (MK-6) and the major polyamine was sym-homospermidine, characteristics of species within the family Flavobacteriaceae (Fig. S4) .
In summary, the characteristics of strain THG-DJ7
T are consistent with descriptions of the genus Flavobacterium with regard to morphological, biochemical and chemotaxonomic properties. The results of this polyphasic comparison between strain THG-DJ7
T and its closest phylogenetic neighbours indicated that strain THG-DJ7 T should be assigned to the genus Flavobacterium as a representative of a novel species, for which the name Flavobacterium daemonensis sp. nov. is proposed.
Description of Flavobacterium daemonensis sp. nov.
Flavobacterium daemonensis (dae.mo.nen9sis N.L. fem. adj. daemonensis pertaining to Daemo Mountain, the mountain where the type strain was isolated).
Cells are .3 mm, strictly aerobic and motile by gliding. Colonies grown on NA plates for 2-3 days are smooth, circular, bright yellow and convex, 0.5-1.5 mm in diameter. Catalase and oxidase activities are positive. Flexirubin-type pigments are produced. Bacteria can grow on NA at 2-33 u C; optimum growth at 25-28 u C. Cell growth occurs on NA, TSA, R2A and LB agar but not on MacConkey agar. Can grow in NB at pH 6-9 and with 0-1 % (w/v) NaCl. Cells are able to hydrolyse aesculin, starch, casein, Tween 20, CM-cellulose and L-tyrosine but not DNA, chitin or Tween 80. Positive for the methyl red test; negative for the Voges-Proskauer test. In API ZYM tests, positive for alkaline phosphatase, esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid 
